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VEHICLE AIR-CONDITIONING SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a vehicle air- 
conditioning system of a dual air-conditioner type 
provided with cooling evaporators at both a front seat 
air-conditioning unit and rear seat air-conditioning unit 
wherein, at the time of heating, gas refrigerant 
delivered from the compressor (hot gas) is directly 
introduced to the front seat evaporator so as to provide 
a hot gas heater function* 

2. Description of the Related Art 

[0002] In the past, there has been known a vehicle 
air-conditioning system of the dual air-conditioner type 
which directly introduces a gas refrigerant delivered 
from a compressor (hot gas) to an evaporator at the time 
of heating so as to provide a hot gas heater function 
(see Japanese Unexamined Patent Publication (Kokai) No. 
2001-130245) . 

[0003] In the related art, a hot gas bypass passage 
for directly connecting a compressor delivery side to an 
inlet side of a front seat evaporator bypassing the 
refrigerant radiator, that is, the condenser, has been 
provided, a heating use pressure reducing device has been 
provided at the hot gas bypass passage, and a cooling use 
solenoid valve and heating use solenoid valve have been 
provided for opening and closing the refrigerant passage 
and hot gas bypass passage to the evaporator. 
[0004] in the front seat air-conditioning unit, a hot 
water type front seat heating use heater core is arranged 
at the downstream side of the front seat evaporator. 
Therefore, when heating at the winter, when the 
temperature of the hot water circulating in the heating 
use heater core is lower than a predetermined temperature 
(at the time of starting warmup of the engine), the 



cooling use solenoid valve is closed and the heating use 
solenoid valve is opened, whereby the high temperature 
delivery gas refrigerant (hot gas) of the compressor is 
made to flow into the hot gas bypass passage. 
[0005] Further, by reducing the pressure of this hot 
gas by a heating use pressure reducing device, then 
directly introducing this to the front seat evaporator, 
the heat is radiated from the gas refrigerant to the air- 
conditioning air at the front seat evaporator so as to 
exhibit the hot gas heater function. 

[0006] Further, the rear seat air-conditioning unit 
similarly has arranged in it a rear seat evaporator and a 
hot water type rear seat heating use heater core, but the 
hot gas bypass passage is connected to only the inlet 
side of the front seat evaporator and therefore the hot 
gas heater function is exhibited at only the front seat 
evaporator. This is because of the following reason. 
[0007] That is, among the vehicle air-conditioning 
front side and rear side air-conditioning units, the 
front seat air-conditioning unit can be switched between 
introduction of inside air and outside air. At the time 
of heating in the winter, usually the outside air 
introduction mode is selected to stop fogging of the 
window. Therefore, by introducing low temperature outside 
air, the heating thermal load of the front seat air- 
conditioning unit is greatly increased compared with an 
inside air type rear seat air-conditioning unit. 
[0008] Therefore, by concentrating the hot gas heater 
function at only the evaporator of the front seat air- 
conditioning unit, it is possible to effectively improve 
the heating performance of the front seat air- 
conditioning unit with its large heating thermal load by 
the hot gas heater function. This is due to the above. 
[0009] Further, in the above related system, in the 
refrigeration cycle, the downstream side of the condenser 
has a receiver arranged in it. The inlet sides of the 
front seat evaporator and the rear seat evaporator have 



pressure reducing devices comprised of thermal type 
expansion valves arranged at them. Further , the outlet 
pipes of the front seat evaporator and rear seat 
evaporator are connected to a low pressure gas-liquid 
separator (accumulator). The outlet part of this low 
pressure gas-liquid separator is connected to the intake 
side of the compressor. Further, the outlet pipe of the 
rear seat evaporator has arranged at it a check valve for 
preventing backflow of the refrigerant from the low 
pressure gas-liquid separator to the rear seat evaporator 
side . 

[0010] At the time of heating by the hot gas heater 
cycle, however, the refrigerant delivered from the 
compressor is passed through the hot gas bypass passage 
and directly introduced to the inlet side of the front 
seat evaporator, so the refrigerant delivered from the 
compressor flows bypassing the condenser etc. Therefore, 
there was the problem that the refrigerant accumulated in 
the condenser (dormant) could not be ejected to the hot 
gas heater cycle side and the amount of circulating 
refrigerant of the hot gas heater cycle became 
insufficient . 

[0011] Therefore, at the time of start of heating by 
the hot gas heater cycle, it may be considered to set the 
refrigeration cycle forcibly at the cooling mode for 
exactly a predetermined time to pass the refrigerant 
delivered from the compressor through the condenser side 
to circulate it and recover the condenser side dormant 
refrigerant at the front seat evaporator side. 
[0012] However, in a vehicle air-conditioning system 
of the dual air-conditioner type provided with cooling 
evaporators at both a front seat air-conditioning unit 
and a rear seat air-conditioning unit, if setting the 
system to the cooling mode at the time of startup of 
heating at cold times to recover the dormant refrigerant 
in this way, since the cooling thermal load is small, the 
high/low differential pressure of the cycle becomes 



- 4 - 

extremely small and the amount of circulating refrigerant 
is small. In addition to this f the rear seat evaporator 
is arranged at a position far away from the compressor 
compared with the front seat evaporator, so the pressure 
loss of the refrigerant passage of the rear seat 
evaporator is large. As a result, even if setting the 
system to the cooling mode to recover the dormant 
refrigerant at the time of startup of heating, it is 
difficult to recover the refrigerant dormant at the rear 
seat evaporator. Conversely, along with setting the 
cooling mode, sometimes the refrigerant flowing into the 
rear seat evaporator ends up becoming newly dormant at 
the rear seat evaporator, 

SUMMARY OF THE INVENTION 
[0013] An object of the present invention is to 
provide a vehicle air-conditioning system of a dual air- 
conditioner type exhibiting a hot gas heater function 
which efficiently recovers not only dormant refrigerant 
at the radiator (condenser) side, but also dormant 
refrigerant at the rear seat evaporator. 

[0014] To attain the above object, there is provided a 
vehicle air-conditioning system of a dual air-conditioner 
type exhibiting a hot gas heater function, which sets the 
refrigeration cycle to a cooling mode and performs a 
refrigerant recovery operation when starting up the 
heating mode by a hot gas heater cycle (S30), then 
switches the refrigeration cycle to the heating mode 
(S50), sets the front seat air-conditioning unit to the 
outside air mode at the time of the heating mode to blow 
outside air to the front seat evaporator by the front 
seat blower, then judges if the inside air temperature is 
high due to the refrigerant temperature of the rear seat 
evaporator at the time of the heating mode and, if so, 
operates the rear side blower to blow inside air to the 
rear seat evaporator. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] These and other objects and features of the 
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present invention will become clearer from the following 
description of the preferred embodiments given with 
reference to the attached drawings, wherein: 

FIG. 1 is a circuit diagram of a refrigeration cycle 
and hot water circuit in a system according to a first 
embodiment of the present invention; 

FIG. 2 is a view of the mounting of the 
refrigeration cycle parts in a vehicle according to the 
first embodiment; 

FIG. 3 is a block diagram of an electrical 
controller according to the first embodiment; 

FIG. 4 is a flow chart of control at the time of the 
heating mode according to the first embodiment; 

FIG. 5 is a view explaining the operation of the 
first embodiment; 

FIG. 6 is a flow chart of control at the time of the 
heating mode according to a second embodiment; 

FIG. 7 is a flow chart of control at the time of the 
heating mode according to a third embodiment; and 

FIG. 8 is a view of the mounting of the 
refrigeration cycle parts in a vehicle according to a 
fourth embodiment . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0016] The different aspects of the invention will be 
summarized first. The reference numerals in parentheses 
after the means indicated show the correspondence with 
specific means described in the embodiments. 
[0017] According to a first aspect of the invention, 
there is provided a vehicle air-conditioning system of a 
dual air-conditioner type provided with a front seat air- 
conditioning unit (30) for air-conditioning a front seat 
area in a passenger compartment and a rear seat air- 
conditioning unit (40) for air-conditioning a rear seat 
area in the passenger compartment; the front seat air- 
conditioning unit (30) has arranged in it an 
inside/outside air switching means (38) for switching 
between introduction of inside air and outside air, a 



front seat blower (31) for blowing air introduced by the 
inside/outside air switching means (38) toward the front 
seat area in the passenger compartment, and a front seat 
evaporator (32) for absorbing heat from the air blown by 
the front seat blower (31) for evaporation of low 
pressure refrigerant of a refrigeration cycle; the rear 
seat air-conditioning unit (40) has arranged in it a rear 
seat blower (41) for sucking in inside air and blowing it 
toward the rear seat area in the passenger compartment 
and a rear seat evaporator (42) for absorbing heat from 
the air blown by the rear seat blower (41) for 
evaporation of low pressure refrigerant of the 
refrigeration cycle; the refrigeration cycle is provided 
with a hot gas bypass passage (18) for reducing the 
pressure of the gas refrigerant delivered from the 
compressor (10), then introducing it into the front seat 
evaporator (32); at the time of the cooling mode, the hot 
gas bypass passage (18) is set to a closed state, the 
refrigerant passage at a radiator (20) side of the 
refrigeration cycle is set to an open state, the gas 
refrigerant delivered from the compressor (10) is 
introduced to the radiator (20), the refrigerant passed 
through the radiator (20) is reduced in pressure by the 
front seat pressure reducing means (24) and rear seat 
pressure reducing means (43), the low pressure 
refrigerant passed through the front seat pressure 
reducing means (24) is made to evaporate by the front 
side evaporator (32), and the low pressure refrigerant 
passed through the rear seat pressure reducing means (43) 
is made to evaporate by the rear seat evaporator (42); at 
the time of the heating mode, the hot gas bypass passage 
(18) is set to an open state, the refrigerant passage at 
the radiator (20) side is closed, and the gas refrigerant 
delivered from the compressor (10) is directly introduced 
to the front side evaporator (32) by the hot gas bypass 
passage (18) to exhibit a hot gas heater function by the 
front seat evaporator (32); and at the heating mode, the 



inside/outside air switching means (38) is used to set an 
outside air mode, the front seat blower (31) is used to 
blow outside air to the front seat evaporator (32), and, 
when judging conditions by which the refrigerant of the 
rear seat evaporator (42) can absorb heat from the inside 
air at the heating mode exist, the rear seat blower (41) 
is operated to blow inside air to the rear seat 
evaporator (42). Further, at the time of startup of the 
heating mode, the refrigeration cycle is set to the 
cooling mode, a refrigerant recovery operation is 
performed, and the refrigeration cycle is switched to the 
heating mode after the refrigerant recovery operation is 
performed. 

[0018] According to this, it is possible to set the 
refrigeration cycle to the cooling mode and perform a 
refrigerant cooling operation when starting up the 
heating mode, then apply the pressure of the gas 
refrigerant delivered from the compressor (10) to the 
radiator (20) so as to recover the dormant refrigerant at 
the radiator (20). 

[0019] However, in the refrigeration cycle, since the 
rear seat evaporator (42) has a much longer circulation 
pipe connecting with the compressor (10) than the front 
seat evaporator (32), the pipe pressure loss is large and 
the amount of circulating refrigerant is small. 
Therefore, at the time of the above refrigerant recovery 
operation, recovery of the dormant refrigerant at the 
rear seat evaporator (42) is difficult. 

[0020] However, according to the first aspect, at the 
time of the heating mode, the front seat air-conditioning 
unit (30) sets the outside air mode and blows outside air 
from the front seat blower (31) to the front seat 
evaporator (32), while the rear seat air-conditioning 
unit (40), when judging the conditions by which the 
refrigerant of the rear seat evaporator (42) can absorb 
heat from the inside air exist, operates the rear seat 
blower (41) to blow inside air to the rear seat 



evaporator (42), so at the time of the heating mode, the 
refrigerant of the rear seat evaporator (42) can absorb 
heat from the inside air sufficiently higher in 
temperature compared with the outside air. Therefore, it 
is possible to create a refrigerant pressure relationship 
where the refrigerant pressure of the rear seat 
evaporator (42) is higher than the refrigerant pressure 
of the front seat evaporator (32), 

[0021] As a result, in the heating mode, it is 
possible to make the refrigerant flow from the rear seat 
evaporator (42) to the outlet side of the front seat 
evaporator (32), so the dormant refrigerant of the rear 
seat evaporator (42) can also be recovered. Note that at 
the time of the heating mode, it is possible to set the 
outside mode by the front seat air-conditioning unit (30) 
and introduce low humidity outside air compared with the 
inside air so as to prevent fogging of the vehicle window 
glass . 

[0022] According to a second aspect of the invention, 
there is provided the vehicle air-conditioning system as 
set forth in the first aspect wherein at the heating 
mode, the rear seat blower (41) is made to operate at its 
minimum volume state. 

[0023] However, if blowing the inside air to the rear 
seat evaporator (42) at the time of the heating mode, the 
inside air has its heat absorbed by the rear seat 
evaporator (42) and drops in temperature. Therefore, at 
the time of the heating mode, if the volume of the rear 
seat blower (41) is increased, low temperature air is 
liable to be blown out to the rear seat side in the 
passenger compartment and cause the heating feeling of 
the rear seat side in the passenger compartment to 
deteriorate, but according to the second aspect of the 
invention, the rear seat blower (41) is actuated in the 
minimum volume state so as to suppress any deterioration 
of the heating feeling. 

[0024] According to a third aspect of the invention, 



there is provided a vehicle air-conditioning system as 
set forth in the first or second aspect , wherein the 
system is further provided with an inside air temperature 
detecting means (62) for detecting an inside air 
temperature and a refrigerant temperature information 
detecting means (68) for detecting information relating 
to the refrigerant temperature of the rear seat 
evaporator (42), and the conditions by which the 
refrigerant of the rear seat evaporator (42) can absorb 
heat from the inside air are judged to exist based on the 
inside air temperature and the refrigerant temperature. 
[0025] According to a fourth aspect of the invention, 
there is provided a vehicle air-conditioning system as 
set forth in the third aspect wherein the refrigerant 
temperature information detecting means is comprised of a 
refrigerant pressure detecting means (68) for detecting a 
refrigerant pressure of the rear seat evaporator (42). 
[0026] According to a fifth aspect of the invention, 
there is provided a vehicle air-conditioning system as 
set forth in the first or second aspect wherein the 
conditions by which the refrigerant of the rear seat 
evaporator (42) can absorb heat from the inside air are 
judged to exist based on the elapsed time after startup 
of the heating mode. 

[0027] That is, since the temperature of the inside 
air gradually rises due to the execution of the heating 
mode by the hot gas heater cycle, it is possible to judge 
that the conditions by which the refrigerant of the rear 
seat evaporator (42) can absorb heat exist by the elapsed 
time after the startup of the heating mode. 
[0028] According to a sixth aspect of the invention, 
there is provided a vehicle air-conditioning system as 
set forth in any one of the first to fifth aspects 
wherein, when performing the refrigerant recovery 
operation, the inside/outside air switching means (38) 
sets the outside air mode to blow outside air from the 
front seat blower (31) to the front seat evaporator (32) 



and the rear seat blower (41) is operated to blow inside 
air to the rear seat evaporator (42). 

[0029] At the time of heating in the winter, however, 
the temperature of the inside air is higher than the 
outside air, so when setting the refrigeration cycle to 
the cooling mode and performing the refrigerant recovery 
operation, it is possible to create a refrigerant- 
pressure relationship of the refrigerant pressure of the 
rear seat evaporator (42) being higher than the 
refrigerant pressure of the front seat evaporator (32). 
As a result, at the time of the refrigerant recovery 
operation, it is possible to make the refrigerant flow 
from the rear seat evaporator (42) to the outlet side of 
the front seat evaporator (32) and recover the dormant 
refrigerant of the rear seat evaporator (42). 
[0030] A vehicle air-conditioning system as set forth 
in any one of first to sixth aspects, wherein a rear seat 
high pressure pipe (37) connected to the upstream side of 
the rear seat pressure reducing means (43) arranged at an 
inlet of the rear seat evaporator (42) has arranged in it 
a check valve (46a) for preventing the inflow of 
refrigerant from the rear seat evaporator (42) to the 
radiator (20) side. 

[0031] Due to this, at the time of the heating mode, 
it is possible to prevent the refrigerant from flowing 
from the rear seat evaporator (42) to the radiator (20) 
side by a check valve (46a). Further, the check valve 
(46a) is arranged at the rear seat high pressure pipe 
(37) of a pipe size smaller than the low pressure pipe, 
so the check valve (46a) can be made smaller than the 
check valve arranged at the low pressure pipe. 
[0032] Preferred embodiments of the present invention 
will be described in detail below while referring to the 
attached figures. 

First Embodiment 
[0033] FIG. 1 illustrates the circuit configuration of 
the refrigeration cycle and the hot water circuit 
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configuration of the vehicle air-conditioning system 
according to a first embodiment , while FIG. 2 illustrates 
the layout of the refrigeration cycle parts of the 
vehicle air-conditioning system according to the first 
embodiment mounted in a vehicle. 

[0034] The first embodiment relates to a vehicle air- 
conditioning system of a dual air-conditioner system 
provided with both a front seat air-conditioning unit 3 0 
for air-conditioning a front seat area of a passenger 
compartment 2 8 and a rear seat air-conditioning unit 4 0 
for air-conditioning a rear seat area of the passenger 
compartment 28. The air-conditioning system is applied 
for example to a one-box type recreational vehicle or 
another vehicle having a large compartment space. 
[0035] Note that the front seat air-conditioning unit 
30 is mounted at the inside of an instrument panel (not 
shown) arranged at the front of the passenger compartment 
28, while the rear seat air-conditioning unit 40 is 
mounted near either the left or right side wall of the 
vehicle body side walls of the rear seat side of the 
passenger compartment . 

[0036] In the refrigeration cycle of the vehicle air- 
conditioning system, the compressor 10 is driven by a 
vehicle engine 12 through an electromagnetic clutch 11. 
The delivery pipe 13 of the compressor 10 is provided 
with a valve device 14. This valve device 14, as shown in 
FIG. 1, is provided with a cooling solenoid valve 15 
serving as a first valve means, a heating solenoid valve 
16 serving as a second valve means, a heat pressure 
reducing device 17, a hot gas bypass passage 18, and a 
check valve 19. These parts 15 to 19 are combined into a 
single assembly (14) as shown in FIG. 2. 
[0037] Here, the heating solenoid valve 16 and the 
heating pressure reducing device 17 are set in the hot 
gas bypass passage 18. The heating pressure reducing 
device 17 can be configured by a small diameter 
constriction hole (fixed constriction) formed at the 
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outlet of the heating solenoid valve 16. 
[0038] The delivery pipe 13 of the compressor 10 is 
connected through the cooling solenoid valve 15 and 
outlet pipe 15a of the valve device 14 to an inlet joint 
20a of the condenser 20. Here, the condenser 20 is a 
refrigerant radiator. Normally, it is arranged at the 
frontmost part of the vehicle engine room. By blowing 
outside air to a heat exchanger 2 0b of the condenser 2 0 
(FIG. 2 ) by a not shown electric cooling fan f the high 
pressure gas refrigerant delivered from the compressor 10 
is heat exchanged with the outside air, cooled, and 
condensed. 

[0039] The heat exchanger 20b of the condenser 20, as 
shown in FIG. 2, is comprised of flat tubes 20 through 
which the refrigerant flows arranged in the horizontal 
direction. These tubes 20c are alternately stacked in the 
vertical direction with corrugated fins 20d. At the two 
ends of the tubes 20c (two ends in horizontal direction) 
are provided header tanks 2 0e and 2 Of so as to extend in 
the vertical direction. The two ends of the tubes 2 0c are 
communicated with the spaces inside the header tanks 20e 
and 2 Of. 

[0040] The heat exchanger 20b of the condenser 20 is 
provided with a first heat exchanger 21 and second heat 
exchanger 22 in sequence in the refrigerant flow 
direction. Further, the first heat exchanger 21 and 
second heat exchanger 22 are provided between them with a 
high pressure side gas-liquid separator 23 for separating 
the refrigerant into a gas and liquid and accumulating 
the liquid refrigerant. The high pressure gas-liquid 
separator 23 utilizes the differential density of the 
liquid refrigerant and gas refrigerant in the inside 
space extending in the vertical direction to separate the 
refrigerant into a gas and liquid and stores the liquid 
refrigerant at the bottom part of the inside space of the 
tank. 

[0041] Part of the gas refrigerant delivered from the 



compressor of the inlet joint 20a is branched off by the 
first bypass passage 51 and directly introduced into the 
gas-liquid separator 23 , while part of the refrigerant 
condensed at the first heat exchanger 21 is branched off 
by the second bypass passage 52 and directly introduced 
into the gas-liquid separator 23. Due to this, the amount 
of the liquid refrigerant accumulated in the gas-liquid 
separator 23 is adjusted to an amount in accordance with 
the degree of overheating of the gas refrigerant 
delivered from the compressor. 

[0042] The main flow of the refrigerant condensed at 
the first heat exchanger 21 passes through the 
constriction passage 55 inside of the header tank 20e and 
flows to the inlet side of the second heat exchanger 22. 
Further, the liquid refrigerant near the bottom part of 
the gas-liquid separator 23 passes through a liquid 
return communicating path 53 inside of the header tank 
20e and flows to the inlet side of the second heat 
exchanger 22. Further, the gas refrigerant at the top of 
the inside of the gas-liquid separator 23 passes through 
the gas return communicating path 54 and flows to the 
inlet side of the second heat exchanger 22. The outlet 
side of the second heat exchanger 22 is communicated via 
the bottom space of the other heater tank 2 Of with the 
outlet joint 20g. 

[0043] The outlet joint 20g has a front seat cooling 
pressure reducing device 24 and a high pressure liquid 
pipe 37 to the rear seat connected to it. The front seat 
cooling pressure reducing device 24 is for reducing the 
pressure of the high pressure liquid refrigerant passed 
through the condenser 2 0 to a low pressure two-phase gas- 
liquid state. This device 24 is comprised of a fixed 
constriction. In the present example, as a fixed 
constriction, specifically use is made of a small 
diameter (for example about cj>1.2 to 1.3 mm) cut to a 
predetermined length to form a capillary tube generating 
a pressure loss. 
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[0044] The outlet side of the front seat cooling 
pressure reducing device 24 has a check valve 19 in the 
valve device 14 (FIG, 1) connected to it. This check 
valve 19 is for preventing the backflow of the 
refrigerant from the hot gas bypass passage 18 to the 
condenser 2 0 side at the time of the heating mode. The 
outlet of the check valve 19 merges with the outlet of 
the hot gas bypass passage 18 at the inside of the valve 
device 14. 

[0045] Therefore , the hot gas bypass passage 18 can be 
configured by an extremely short passage built into the 
valve device 14 positioned at a location near the 
condenser 20. The merging part 25 of the outlet of the 
hot gas bypass passage 18 and the check valve 19 can also 
be built into the valve device 14. 

[0046] Further, this merging part 25 is connected to a 
single inlet low pressure pipe 26. This single low 
pressure pipe 26 passes through a hole in the dashboard 
27 to the inside of the passenger compartment 28. Here, 
the dashboard 2 7 partitions the engine room 2 9 of the 
vehicle from the passenger compartment 28. 
[0047] The front seat air-conditioning unit 30 
arranged at the inner side of the instrument panel (not 
shown) of the front part of the passenger compartment 28 
is provided with a front seat electric blower 31. The 
suction side of the front seat electric blower 31 has an 
inside/outside air switching door 38 forming the 
inside/outside air switching means arranged rotably at 
it. This inside/outside switching door 38 switches 
between an outside air mode for introducing outside air 
(air from outside the passenger compartment) and an 
inside air mode for introducing inside air (air inside 
the passenger compartment). 

[0048] Further, the downstream side of the front seat 
electric blower 31 has a front seat evaporator 32 
arranged at it. The refrigerant inlet of the front seat 
evaporator 32 is connected to the above low pressure pipe 
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26. The downstream side of the air of the front seat 
evaporator 32 has a front seat heating use heater core 33 
arranged at it. 

[0049] On the other hand, the rear seat air- 
conditioning unit 4 0 arranged at the rear area of the 
passenger compartment 28 is configured similar to the 
front seat air-conditioning unit 30 and provided with a 
rear seat electric blower 41. The suction side of the 
rear seat electric blower 41 opens to the inside of the 
passenger compartment 2 8 and continuously sucks in inside 
air . 

[0050] The downstream side of the rear seat electric 
blower 41 has a rear seat evaporator 4 2 arranged at it. 
The refrigerant inlet of the rear seat evaporator 42 is 
connected to a temperature-type expansion valve 43 as a 
rear seat pressure reducing device. The inlet side of the 
temperature-type expansion valve 43 is connected to the 
above rear seat high pressure liquid pipe 37. 
[0051] The rear seat temperature-type expansion valve 
43, as well known, senses the degree of overheating of 
the outlet refrigerant of the rear seat evaporator 42 and 
adjusts the valve opening degree (flow of refrigerant) so 
that the degree of overheating of the outlet refrigerant 
becomes a predetermined value (for example, about 3°C to 
15°C). The downstream side of the air of the rear seat 
evaporator 42 has a rear seat heating use heater core 44 
arranged at it. 

[0052] The refrigerant outlets of the front seat 
evaporator 32 and the rear seat evaporator 42 are 
connected to outlet side low pressure pipes 34 and 45. 
The outlet side low pressure pipes 34 and 45 pass through 
the dashboard 2 7 and are laid to the engine compartment 
29 side and are further connected to the inlet of the low 
pressure gas-liquid separator 35 in the engine 
compartment 29. A position near the outlet end of the 
rear seat outlet side low pressure pipe 45 is connected 
to a check valve 46. This check valve 46 is for 
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preventing the refrigerant from flowing back from the low 
pressure gas-liquid separator 35 to the rear seat 
evaporator 42 at the time of the heating mode, 
[0053] The outlet of the low pressure gas-liquid 
separator 35 passes through the suction pipe 36 and is 
connected to the suction port of the compressor 10. The 
low pressure gas-liquid separator 35 separates the 
refrigerant flowing from the outlet side low pressure 
pipe 34 of the front seat evaporator 32 into a gas and 
liquid, accumulates the liquid refrigerant, and guides 
the gas refrigerant to be sucked into the compressor 10. 
[0054] Further, a liquid return constriction passage 
35a for making part of the liquid refrigerant near the 
bottom of the inside of the low pressure gas-liquid 
separator 35 be sucked into the compressor 10 is provided 
at the low pressure gas-liquid separator 35. This liquid 
return constriction passage 35a is for returning the 
lubricating oil included in the liquid refrigerant to the 
compressor 10 in the same way as the liquid return 
passage 53 in the condenser 20. 

[0055] The low pressure gas-liquid separator 35 is 
used in combination with the high pressure gas-liquid 
separator 23 of the condenser 20 explained above and has 
a gas-liquid separation action and liquid refrigerant 
accumulation action only at the time of the heating mode. 
At the time of the cooling mode, the high pressure gas- 
liquid separator 23 of the condenser 20 has a gas-liquid 
separator and liquid refrigerant accumulation action. The 
overheated gas refrigerant from the outlets of the front 
and rear evaporators 32 and 42 of the vehicle flows into 
the low pressure gas-liquid separator 35, so the low 
pressure gas-liquid separator 35 serves as a simple 
passage for the overheated gas refrigerant. 
[0056] In the front seat air-conditioning unit 30, the 
front seat evaporator 32 cools the air blown from the 
air-conditioning blower 31 (inside air or outside air in 
the passenger compartment) in the cooling mode (or when 
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dehumidif ication is necessary) by the absorption of heat 
by the latent heat of evaporation of the low pressure 
refrigerant. Further , at the time of heating in the 
winter, the front seat evaporator 32 carries the high 
temperature refrigerant gas (hot gas) from the hot gas 
bypass passage 18 to heat the air, so functions as a 
radiator . 

[0057] As opposed to this, the rear seat evaporator 42 
in the rear seat air-conditioning unit 40 only has a 
cooling action for cooling the blown air at the time of 
the cooling mode. It does not function as a radiator. 
[0058] Further, the front seat heating use heater core 
33 and the rear seat heating use heater core 44 are 
connected to the hot water circuit of the vehicle engine 
12 through a front seat hot water valve 33a and a rear 
seat hot water valve 44a. Further, the hot water (cooling 
water) of the vehicle engine 12 is circulated by an 
engine-driven hot water pump (not shown) through the 
front seat hot water valve 33a and rear seat hot water 
valve 44a to the heater cores 33 and 44. Due to this, the 
heater cores 33 and 44 heat the air after passing through 
the evaporators using the hot water as a heat source. 
[0059] Further, at the front seat air-conditioning 
unit 30, air-conditioning air is blown from the front 
seat blowing port (not shown) provided at the downstream 
side of the front seat heating use heater core 33 to the 
front seat side of the passenger compartment 28. 
Similarly, at the rear seat air-conditioning unit 40 as 
well, air-conditioning air is blown from the rear seat 
blowing port (not shown) provided at the downstream side 
of the rear seat heating use heater core 44 to the rear 
seat side of the passenger compartment 28. 

[0060] Next, FIG. 3 is a schematic block diagram of an 
electrical controller in the first embodiment. The air- 
conditioning controller (hereinafter referred to as the 
"ECU") is comprised of a microcomputer and its peripheral 
circuits and performs predetermined processing in 
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accordance with a preset program to control the operation 
of the air-conditioner parts. 

[0061] Specifically, the electromagnetic clutch 11, 
the cooling use solenoid valve 15, the heating use 
solenoid valve 16, a motor 31a of the front seat electric 
blower 31, a motor 41a of the rear seat electric blower 
41, a drive motor 38a of the inside/outside switching 
door 38, a motor 61 of the condenser electric cooling 
fan, and other air-conditioner parts are controlled in 
operation by the ECU 60. 

[0062] The ECU 60 receives as input detection signals 
from a group of sensors including an inside/outside 
temperature sensor 62 for detecting the temperature 
inside the passenger compartment (inside air 
temperature), an outside air temperature sensor 63 for 
detecting an outside air temperature, a sunlight sensor 
6 4 for detecting the amount of sunlight striking the 
passenger compartment, a blown air temperature sensor 65 
of the front seat evaporator 32, a water temperature 
sensor 66 for detecting the water temperature of the 
vehicle engine 12, a first refrigerant pressure sensor 67 
for detecting the delivered refrigerant pressure of the 
compressor 10 (high pressure refrigerant pressure), a 
second refrigerant pressure sensor 68 for detecting the 
refrigerant pressure of the rear seat evaporator 42, etc. 
[0063] Note that the second refrigerant pressure 
sensor 68 is for detecting the refrigerant temperature of 
the rear seat evaporator 42. That is, the inside of the 
rear seat evaporator 42 is normally in a two-phase state 
(saturated state) including a liquid state refrigerant, 
so the refrigerant temperature can be found unambiguously 
based on the refrigerant pressure. Therefore, by 
detecting the refrigerant pressure of the rear seat 
evaporator 42 by the second refrigerant pressure sensor 
68, the refrigerant temperature of the rear seat 
evaporator 42 can be found based on the detected 
pressure . 
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[0064] Here, the reason why a refrigerant temperature 
sensor for detecting the refrigerant temperature of the 
rear seat evaporator 42 is not used, but a refrigerant 
pressure sensor 68 is used is that a refrigerant pressure 
sensor can be easily acquired from the market. 
[0065] Further, the front seat air-conditioning 
operation panel 70 is set near the instrument panel of 
the passenger compartment. Operation signals of the 
following operation switches are input from the front 
seat air-conditioning operation panel 70 to the ECU 60. 
That is, the hot gas switch 71 sets the heating mode by 
the hot gas heater cycle, so performs the function of a 
heating switch. The front seat blowing mode switch 72 
switches the blowing mode of the front seat air- 
conditioning unit 30. The front seat temperature setting 
switch 73 serves as a front seat temperature setting 
means for setting the temperature at the front seat side 
of the passenger compartment to a desired temperature. 
[0066] Further, the air-conditioner switch 74 
instructs the startup or turn off of the compressor 10 of 
the refrigeration cycle and performs the function of a 
cooling switch for setting the cooling mode. Further, the 
front seat blower switch 75 turns the front seat blower 
31 on and off and instructs switching of its air volume. 
The inside/outside air switch 76 instructs switching 
between the outside air mode and the inside air mode. 
[0067] The rear seat air-conditioning operation panel 

80 is set at the rear seat side of the passenger 
compartment. The rear seat air-conditioning operation 
panel 80 is provided with a rear seat blowing mode switch 

81 for switching the blowing mode of the rear seat air- 
conditioning unit 40, a rear seat temperature setting 
switch 82 for setting the temperature of the rear seat 
side of the passenger compartment to a desired 
temperature, and a rear seat blower switch 83 for turning 
on and off the rear seat blower 41 and instructing 
switching of the air volume. The operation signals of 



these rear seat switches are input to the ECU 60. 
[0068] Next, the operation of the first embodiment in 
the above configuration will be explained. When the air 
conditioner switch 74 of the front seat air-conditioning 
operation panel 70 is turned on and the cooling mode is 
selected, the cooling use solenoid valve 15 is opened and 
the heating use solenoid valve 16 is closed by the ECU 
60, Further, the electromagnetic clutch 11 is energized 
to become connected, whereby the compressor 10 is driven 
by the vehicle engine 12. 

[0069] In the cooling mode, when simultaneously 
operating the front seat air-conditioning unit 30 and the 
rear seat air-conditioning unit 40, the front seat 
electric blower 31 and the rear seat electric blower 41 
are both operated to blow air into the front and rear 
air-conditioning units 30 and 40. 

[0070] If the compressor 10 operates, the delivery gas 
refrigerant of the compressor 10 passes through the 
opened cooling solenoid valve 15, whereby the refrigerant 
circulates through the closed circuit of the condenser 20 
-> front seat cooling pressure reducing device 24 
comprised of the fixed constriction -> check valve 19 -> 
front seat evaporator 32 -> low pressure gas-liquid 
separator 35 -> compressor 10. 

[0071] At the same time as this, part of the high 
pressure liquid refrigerant at the outlet side of the 
condenser 20 is branched off to the rear seat high 
pressure liquid pipe 37 to pass through the temperature 
type expansion valve 43 forming the rear seat cooling 
pressure reducing device -> rear seat evaporator 42 -> 
low pressure gas-liquid separator 35, then the 
refrigerant is sucked into the compressor 10. 
[0072] Therefore, the low pressure refrigerant reduced 
in pressure by the front seat cooling pressure reducing 
device 24 evaporates at the front seat evaporator 32 and 
cools the air blown by the front seat electric blower 31. 
At the same time as this, the low pressure refrigerant 
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reduced in pressure by the rear seat temperature-type 
expansion valve 43 evaporates at the rear seat evaporator 

42 and cools the air blown by the rear seat electric 
blower 41. Due to this, the cool air cooled by the front 
and rear evaporators 32 and 42 can be blown out to the 
front seat side and rear seat side of the passenger 
compartment 2 8 and cool the inside of the passenger 
compartment 2 8 . 

[0073] However, since the rear seat cooling pressure 
reducing device is comprised by a temperature-type 
expansion valve 43 , the temperature-type expansion valve 

43 adjusts the flow of refrigerant to the rear seat 
evaporator 42 so that the outlet refrigerant of the rear 
seat evaporator 42 is maintained at a predetermined 
degree of overheating (for example, 10 °C). 

[0074] As opposed to this, the front seat cooling 
pressure reducing device 2 4 is comprised by a fixed 
constriction and the outlet side of the front seat 
evaporator 32 is provided with a low pressure gas-liquid 
separator 35, but due to the above reasons, the flow of 
the refrigerant circulating in the cycle is adjusted so 
that the outlet refrigerant of the front seat evaporator 
32 also has a predetermined degree of overheating. 
[0075] That is, in the condenser 20, part of the 
delivery gas refrigerant from the inlet joint 20a flows 
directly from the first bypass passage 51 to the inside 
of the high pressure gas-liquid separator 23, while part 
of the liquid refrigerant condensed at the first heat 
exchanger 21 flows directly from the second bypass 
passage 52 to the inside of the high pressure gas-liquid 
separator 23. The delivered gas refrigerant and condensed 
liquid refrigerant are mixed inside the high pressure 
gas-liquid separator 23 and exchange heat. Therefore, in 
this case, the refrigerant becomes a two-phase gas-liquid 
state having a dryness in accordance with the degree of 
overheating of the gas refrigerant delivered from the 
compressor. 
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[0076] As a result, the amount of the liquid 
refrigerant accumulated in the high pressure gas-liquid 
separator 2 3 becomes an amount corresponding to the 
degree of overheating of the gas refrigerant delivered 
from the compressor. In other words, it is possible to 
adjust the amount of liquid refrigerant accumulated in 
the high pressure gas-liquid separator 2 3 in response to 
a change in the degree of overheating of the gas 
refrigerant delivered from the compressor. By adjusting 
the amount of the liquid refrigerant, it is possible to 
adjust the flow of the refrigerant circulating in the 
cycle and adjust the degree of overheating of the gas 
refrigerant delivered from the compressor. Further, the 
compression process at the compressor 10 is basically an 
isentropic change, so if it were possible to control the 
degree of overheating of the gas refrigerant delivered by 
the compressor 10, it would become possible to indirectly 
control the degree of overheating of the suction 
refrigerant of the compressor 10, that is, the degree of 
overheating of the outlet refrigerant of the front seat 
evaporator 32. 

[0077] Note that even if the suction side of the 
compressor 10 is provided with a low pressure gas-liquid 
separator 35, at the time of the cooling mode, this low 
pressure gas-liquid separator 35 carries the overheated 
gas refrigerant having a predetermined amount of 
overheating from the outlet of the surrounding 
evaporators 32 and 42, so the low pressure gas-liquid 
separator 35 forms a simple passage of the overheated gas 
refrigerant and does not exhibit a liquid refrigerant 
accumulating action . 

[0078] Note that in the cooling mode, when the 
passenger is not sitting at the rear seats in the 
passenger compartment, the operation of the rear seat 
air-conditioning unit 40 is stopped and the front seat 
air-conditioning unit 30 is operated alone. At the time 
of sole operation, only the front seat electric blower 31 



- 23 - 



is operated and the rear seat electric blower 41 is 
stopped. Due to this, there is almost no further 
evaporation of the refrigerant at the rear seat 
evaporator 4 2 and the rear seat temperature type 
expansion valve 43 is kept in the substantially closed 
state due to the built-in spring, so the flow of the 
refrigerant to the rear seat evaporator 4 2 is 
substantially cut off and the front seat operation alone 
is performed. 

[0079] Next, when the hot gas switch 71 of the front 
seat air-conditioning operation panel 7 0 is turned on and 
the heating mode is selected, the cooling solenoid valve 
15 is closed by the ECU 60, the heating solenoid valve 16 
is closed, and the hot gas bypass passage 18 is opened. 
Therefore, the high temperature delivery gas refrigerant 
(overheated gas refrigerant) of the compressor 10 passes 
through the opened heating solenoid valve 16, then is 
reduced in pressure by the heating pressure reducing 
device (fixed constriction) 17. 

[0080] The reduced pressure gas refrigerant passes 
through the hot gas bypass passage 18 and the low 
pressure pipe 2 6 and is introduced into the front seat 
evaporator 32 of the front seat air-conditioning unit 30 
in the passenger compartment. Therefore, heat is 
discharged from the front seat evaporator 32 to the air 
blown by the front seat electric blower 31 and the blown 
air is heated. 

[0081] The blown air heated by the front seat 
evaporator 32 is further heated using hot water as a heat 
source at the front seat heating use heater core 33 
positioned at the downstream side of the front seat 
evaporator 32 and becomes further higher in temperature. 
This high temperature air is blown out from the front 
seat blowing port (not shown) provided at the downstream 
side of the front seat heating use heater core 33 to the 
feet of the front seat passenger in the passenger 
compartment 28. Therefore, the heating function by the 
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hot gas heater can exhibit an auxiliary heating function 
for the main heating function of the front seat heating 
use heater core 33 using the hot water heat source. 
[0082] Further, the gas refrigerant discharging heat 
at the front seat evaporator 32 flows into the low 
pressure gas-liquid separator 35. At this low pressure 
gas-liquid separator 35, the gas refrigerant and the 
liquid refrigerant are separated by the differential 
densities. The gas refrigerant is sucked into the 
compressor 10 and again compressed. Simultaneously, a 
certain amount of the liquid refrigerant accumulated at 
the bottom side of the low pressure gas-liquid separator 
35 and containing lubricating oil is sucked into the 
compressor 10 from the oil return passage 35a. 
[0083] Note that the time of the heating mode, the 
check valve 19 suppresses the gas refrigerant from 
flowing back from the hot gas bypass passage 18 to the 
condenser 20 side and accumulating in the condenser 20 
(dormancy phenomenon). Similarly, the check valve 46 
suppresses the outlet refrigerant of the front seat 
evaporator 32 from flowing back to the rear seat 
evaporator 42 side and accumulating in the rear seat 
evaporator 4 2 (dormancy phenomenon). 

[0084] Note that in the front seat air-conditioning 
unit 30, introduction of the inside air and the outside 
air can be switched. At the time of heating in the 
winter, however, to prevent fogging of the window, the 
outside air introduction mode is selected. Therefore, by 
introducing the low temperature outside air, the heating 
thermal load of the front seat air-conditioning unit 30 
becomes much greater than the inside air introduction 
type rear seat air-conditioning unit 40. 
[0085] Therefore, by concentrating the hot gas 
function at only the front seat evaporator 32 of the 
front seat air-conditioning unit 30, it is possible to 
effectively improve the heating performance of the front 
seat air-conditioning unit with the larger heating 
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thermal load. 

[0086] Note that in the rear seat air-conditioning 
unit 40, only the inside air is introduced, hot water is 
used as a heat source to heat the inside air at the rear 
seat heating use heater core 44, and the high temperature 
inside air is blown out from the rear seat discharge port 
(not shown) provided at the downstream side of the rear 
seat heating use heater core 44 toward the feet of the 
rear seat passenger in the passenger compartment 28. 
[0087] The above explanation relates to the basic 
operation of the cooling mode and heating mode. In 
practice, however, at the time of startup of the heating 
mode, a refrigerant recovery operation is performed to 
recover the dormant refrigerant at the condenser 2 0 side. 
[0088] Therefore, control of this refrigerant recovery 
operation will be explained next. FIG. 4 shows the 
control routine performed by the ECU 60. First, at step 
S10, it is judged if the hot gas switch 71 is "ON", when 
the hot gas switch is "OFF", the routine proceeds to step 
S20, where the refrigeration cycle is set to the "OFF" 
state of the hot gas operation, that is, the heating 
solenoid valve 16 is closed and the cooling solenoid 
valve 15 is opened. 

[0089] On the other hand, when the hot gas switch 71 
is "ON", the routine proceeds to step S30, where the 
refrigerant recovery operation by the cooling mode is 
executed. That is, the refrigeration cycle is set to the 
cooling mode (state in which cooling use solenoid valve 
15 is open and heating use solenoid valve 16 is closed), 
the solenoid clutch is turned "ON", and the compressor 10 
is started up. Due to this, the refrigerant circulates in 
the refrigeration cycle due to the refrigerant 
circulation route at the time of the cooling mode, so it 
is possible to eject the dormant refrigerant accumulated 
in the condenser 20 by the delivered refrigerant of the 
compressor 10 and recover it at the front seat evaporator 
32 side. 
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[0090] The refrigerant recovery operation by the 
cooling mode is continued for the predetermined time tl 
(for example, about 15 seconds) judged at the next step 
S40. Note that at the time of the refrigerant recovery 
operation, it is not necessary to blow cooling air to the 
condenser 20, so the electric cooling fan of the 
condenser 20 is set to the off state. Further, it is not 
necessary to blow air to the front seat evaporator 32 and 
the rear seat evaporator 42 either, so in the present 
embodiment, due to reasons for control for setting the 
compressor 10 in the operating state, only the front seat 
blower 31 is set in the operating state. The rear seat 
blower 41 is set to the off state. 
[0091] If the time of the refrigerant recovery 
operation reaches the predetermined time tl, the routine 
proceeds to step S50, where the refrigeration cycle is 
switched to the heating mode (state where cooling use 
solenoid valve 15 is closed and heating use solenoid 
valve 16 is open). Due to this, the high temperature 
delivery gas refrigerant of the compressor 10 is reduced 
in pressure at the heating pressure reducing device 
(fixed constriction) 17, then is directly introduced to 
the front seat evaporator 32, so the air blown to the 
front seat side in the passenger compartment can be 
heated by the front seat evaporator 32. That is, the 
heating mode by the hot gas heater can be executed. 
[0092] At the next step S60, it is judged if the 
compartment temperature is higher than the refrigerant 
temperature of the rear seat evaporator 42. Here, the 
refrigerant temperature of the rear seat evaporator 42, 
specifically as explained above, is calculated based on 
the refrigerant pressure of the rear seat evaporator 42 
detected by the second refrigerant pressure sensor 68. 
Further, the compartment temperature used may be the 
inside air temperature detected by the inside air 
temperature sensor 62. 

[0093] If a long time elapses from previous operation 
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of the refrigeration cycle, the refrigerant temperature 
of the rear seat evaporator 42 becomes the ambient air 
temperature, that is, a temperature the same as the 
inside air temperature. Therefore, right after the 
startup of the heating mode by the hot gas heater, 
usually the refrigerant temperature of the rear seat 
evaporator 42 becomes a temperature equal to the inside 
air temperature, so the judgment at step S60 becomes 
"NO", that is, the inside air temperature and the 
operation in the heating mode by the hot gas heater is 
continued. 

[0094] Further, if the operation in the heating mode 
by the hot gas heater continues, the discharge of the 
high temperature air from the front seat air-conditioning 
unit 30 causes the inside air temperature to rise, 
whereby the inside air temperature becomes higher than 
the refrigerant temperature of the rear seat evaporator 
42 by a predetermined amount. This being so, the judgment 
at step S60 becomes "YES", whereby the routine proceeds 
to step S7 0 where the rear seat blower 41 is operated. 
That is, at the same time the operation in the heating 
mode by the hot gas heater is continued, the rear seat 
blower 41 is operated. 

[0095] Due to operation of the rear seat blower 41, 
the inside air is introduced into the rear seat air- 
conditioning unit 4 0 where heat exchange is performed 
between the inside air and the refrigerant of the rear 
seat evaporator 42. Due to this heat exchange, the 
refrigerant of the rear seat evaporator 42 absorbs heat 
from the inside air and rises in temperature, so the 
refrigerant pressure of the rear seat evaporator 42 rises 
by exactly an amount corresponding to this temperature 
rise. 

[0096] Here, the temperature of the suction air 
(inside air temperature) of the rear seat evaporator 
sucked into the rear seat evaporator 42, as illustrated 
in FIG. 5, is much higher than the temperature of the 
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suction air (temperature of low temperature outside air) 
of the front seat evaporator sucked into the front seat 
evaporator 32. Therefore, the refrigerant pressure of the 
rear seat evaporator 4 2 becomes higher than the 
refrigerant pressure of the front seat evaporator 32, so 
due to the differential pressure, the refrigerant 
accumulated in the rear seat evaporator 42 can be 
discharged through the check valve 46 to the low pressure 
gas-liquid separator 35 side. That is, during the 
operation in the heating mode by the hot gas heater, the 
differential pressure of the [refrigerant pressure of the 
rear seat evaporator 42] > [refrigerant pressure of front 
seat evaporator 32] is forcibly created and the dormant 
refrigerant in the rear seat evaporator 42 can be 
reliably recovered. 

[0097] FIG. 5 shows the elapsed time after the startup 
of the heating mode by the hot gas heater on the abscissa 
and the air temperature around the front seat evaporator 
32 and rear seat evaporator 42 on the ordinate. In FIG. 
5, t2 is the time after startup of the heating mode by 
the hot gas heater to when the inside air temperature 
becomes higher than the refrigerant temperature of the 
rear seat evaporator 42. If it is judged that the inside 
air temperature becomes higher than the refrigerant 
temperature of the rear seat evaporator 42 and the rear 
seat blower 41 is operated, the refrigerant of the rear 
seat evaporator 42 absorbs heat from the inside air, so 
the temperature of the discharged air of the rear seat 
evaporator 42 falls from the temperature of the suction 
air (inside air) as shown in FIG. 5. As opposed to this, 
the temperature of the discharged air of the front seat 
evaporator 32 is heated by the heat discharged from the 
refrigerant , so rises from the temperature of the suction 
air (outside air). 

[0098] Note that at FIG. 5, the temperature of the 
suction air (outside air) of the front seat evaporator 32 
rises somewhat along with the elapse of time after 
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startup of the heating mode since the temperature of the 
outside air introduction passage of the front seat air- 
conditioning unit 30 rises along with the rise in the 
temperature of the inside air and the outside air absorbs 
heat at the outside air introduction passage. 
[0099] Note that at the point of time when the inside 
air temperature becomes higher than the refrigerant 
temperature of the rear seat evaporator 42, that is, at 
the point of time when the rear seat blower 41 is started 
up, the time elapsed after startup of the vehicle engine 
becomes shorter and the hot water temperature does not 
sufficiently rise, so when operating the rear seat blower 
41 at step S70, it is preferable to set the operating 
voltage of the motor 41a for driving the rear seat blower 

41 at the minimum voltage and operate the drive motor 41a 
at its minimum speed. 

[0100] Due to this, it is possible to operate the rear 
seat blower 41 by the minimum volume, so it is possible 
to avoid the low temperature air not sufficiently raised 
in temperature being blown in a large amount to the rear 
seat side of the passenger compartment and possible to 
prevent deterioration of the heating feeling accompanying 
operation of the rear seat blower 41. 

Second Embodiment 
[0101] In the first embodiment, at step S60 of FIG. 4, 
it was judged if the inside air temperature was higher 
than the refrigerant temperature of the rear seat 
evaporator 42. In the second embodiment, as shown in FIG. 
6, at step S60, it is judged if at least the 
predetermined time t2 has elapsed after startup of the 
heating mode by the hot gas heater. 

[0102] That is, as shown in FIG. 5, when at least the 
predetermined time t2 has elapsed after startup of the 
heating mode, the temperature of the suction air (inside 
air) of the rear seat evaporator 42 becomes higher than 
the refrigerant temperature of the rear seat evaporator 

42 and the refrigerant of the rear seat evaporator 42 can 



- 30 - 

absorb heat from the suction air (inside air). Therefore, 
as shown in FIG. 6, at step S60, it is judged if at least 
the predetermined time t2 has elapsed from the startup of 
the heating mode. If at least the predetermined time t2 
has elapsed, the routine proceeds to step S70, whereby it 
is sufficient to operate the rear seat blower 41. 
According to the second embodiment, the sensor 68 for 
detecting the refrigerant temperature of the rear seat 
evaporator 42 can be eliminated. 

Third Embodiment 
[0103] In the first and second embodiments, the 
explanation was given of the example of operating the 
front seat blower 31 of the front seat air-conditioning 
unit 30 and setting the rear seat blower 41 of the rear 
seat air-conditioning unit 40 to the off state in the 
refrigerant recovery operation by the cooling mode at 
steps S3 0 of FIG. 4 and FIG. 6. In the third embodiment, 
as shown in FIG. 7, the refrigeration cycle is set to the 
state of the refrigerant recovery operation due to the 
cooling mode (state with cooling use solenoid valve 15 on 
and heating use solenoid valve 16 off) at step S30 as 
shown in FIG. 7, then the routine proceeds to step S35, 
where the front seat blower 31 is operated to blow 
outside air to the front seat evaporator 32. On the other 
hand, at the rear seat air-conditioning unit 40, the rear 
seat blower 41 is operated to blow inside air to the rear 
seat evaporator 42. 

[0104] Due to this, a differential pressure of the 
[refrigerant pressure of rear seat evaporator 42] > 
[refrigerant pressure of front seat evaporator 32] is 
generated based on the differential temperature of the 
[inside air temperature] > [outside air temperature], so 
the refrigerant accumulated at the rear seat evaporator 
42 can be recovered at the low pressure gas-liquid 
separator 35 side. 

[0105] That is, according to the third embodiment, at 
the time of the refrigerant recovery operation by the 
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cooling mode, it is possible to recover not only the 
dormant refrigerant at the condenser 2 0 side, but also 
the dormant refrigerant in the rear seat evaporator 42 at 
the low pressure gas-liquid separator 35 side. 
[0106] Further, in the third embodiment as well, by 
operating the rear seat blower 41 at step S7 0 at the time 
of the heating mode by the hot gas heater cycle, it is 
possible to recover the dormant refrigerant in the rear 
seat evaporator 42 at the low pressure gas-liquid 
separator 35. 

[0107] At step S35, when operating the front seat 
blower 31 and the rear seat blower 41, it is preferable 
to make the operating voltages of the motors 31a and 41a 
for driving the two blowers 31 and 41 the minimum 
voltages and operate the two blowers 31 and 41 by the 
minimum volumes. By making the blowing volumes of the two 
blowers 31 and 41 the minimum volumes in this way, it is 
possible to keep deterioration of the heating feeling due 
to blowing of low temperature air to a minimum so this is 
preferable in practice. 

[0108] Note that in the third embodiment as well, 
similar effects can of course be exhibited even if 
replacing the judgment of the actual refrigerant 
temperature for the judgment of step S60 with judgment of 
the elapsed time such as with step S60 of the second 
embodiment ( FIG . 6 ) . 

Fourth Embodiment 
[0109] In the first embodiment, as shown in FIG. 1 and 
FIG. 2, a check valve 4 6 was arranged near the downstream 
end of the outlet side low pressure pipe 4 5 of the rear 
seat evaporator 42 and this was used to prevent the 
refrigerant from flowing from the low pressure gas-liquid 
separator 35 to the rear seat evaporator 42 and the 
refrigerant accumulating in the rear seat evaporator 42 
at the time of the heating mode by the hot gas heater 
cycle. In the fourth embodiment, as shown in FIG. 8, the 
check valve 46 is not arranged at the outlet side of the 
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rear seat evaporator 42. Instead, the check valve 46a is 
arranged in the upstream side passage of the temperature- 
type expansion valve 43 serving as a rear seat pressure 
reducing device, that is, at a position near the 
downstream end of the rear seat pressure reducing device 
37 of the refrigeration cycle. 

[0110] However, at the time of the heating mode by the 
hot gas heater cycle, the hot gas bypass passage 18 
bypasses the condenser 20 and the rear seat evaporator 42 
and introduces the delivery refrigerant of the compressor 
to the front seat evaporator 32. At the time of this 
heating mode, however, in the same way as the first to 
third embodiments, by operating the rear seat blower 41 
to raise the refrigerant pressure of the rear seat 
evaporator 42 higher than the refrigerant pressure of the 
front seat evaporator 32, even if the check valve 46 is 
not arranged at the outlet side of the rear seat 
evaporator 42, it is possible to prevent the refrigerant 
from flowing from the outlet side of the front seat 
evaporator 32 to the rear seat evaporator 42. 
[0111] However, the condenser 2 0 is arranged in the 
outside air atmosphere such as the inside of the engine 
compartment, so at the time of heating in the winter, the 
condenser 2 0 is exposed to a low temperature outside air 
atmosphere. Therefore, the refrigerant pressure in the 
condenser 20 becomes the saturated pressure determined by 
the outside air temperature, that is, a pressure much 
lower than the refrigerant pressure of the rear seat 
evaporator 42. Due to this, the refrigerant tries to flow 
from the rear seat evaporator 42 to the condenser 20 
side . 

[0112] Therefore, in the fourth embodiment, the check 
valve 46 is arranged at a position near the downstream 
end in the rear seat high pressure pipe 37, that is, a 
location right in front of the temperature type expansion 
valve 42 serving as the rear seat pressure reducing 
device. Due to this, at the time of the heating mode, the 
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refrigerant is prevented from flowing from the rear seat 
evaporator 42 to the rear seat high pressure pipe 37 and 
further to the condenser 20 side by the check valve 46a. 
[0113] In this way, according to the fourth 
embodiment, the check valve 4 6a is arranged at the high 
pressure pipe 37 of the refrigeration cycle at the 
upstream side of the temperature type expansion valve 43, 
so the check valve 46a can be reduced in size. That is, 
the high pressure pipe 37 of the refrigeration cycle 
carries the flow of the high pressure liquid refrigerant 
with a small specific volume (large density), so the pipe 
diameter can be sufficiently reduced compared with the 
low pressure pipe 45. Accordingly, the check valve 46a 
can be greatly reduced in size compared with the case of 
arranging it at the low pressure pipe 45 as in FIG. 1 and 
FIG. 2. 

Other Embodiments 
[0114] Note that in the above embodiments, the front 
seat pressure reducing device 24 was comprised of only a 
fixed constriction, but it is also possible to combine a 
variable constriction changing in constriction opening in 
accordance with the state of the high pressure 
refrigerant (pressure, temperature, etc.) at the outlet 
part (upstream side of pressure reducing device) of the 
condenser 20 with a fixed constriction and use this 
combination of a variable constriction and fixed 
constriction to form the front seat pressure reducing 
device 24. 

[0115] Further, in the above embodiments, the rear 
seat pressure reducing means was comprised of a 
temperature-type expansion valve 43, but it is also 
possible to form this rear seat pressure reducing means 
by an electrical type expansion valve etc. 
[0116] While the invention has been described with 
reference to specific embodiments chosen for purpose of 
illustration, it should be apparent that numerous 
modifications could be made thereto by those skilled in 
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the art without departing from the basic concept and 
scope of the invention. 



